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[Title of the Invention] 

METHOD OF DRIVING ANTIFERROELECTRIC LIQUID CRYSTAL 
DISPLAY DEVICE 
[Abstract] 

[Object] To provide a method of driving an antif erroelectric 
liquid crystal display device to perform high-speed 
high-contrast display while reducing image burn-in. 

[Solving Means] In a resetting period, the potential 
difference between antif erroelectric liquid crystal cells is 
set to 0 V and scanning electrodes and signal electrodes are 
short-circuited to ground, thereby removing residual charge 
components in the cells and a drive circuit to reduce image 
burn-in due to variation in the amount of charge. 



[Scope of Claims] 

[Claim 1] A method of driving an antiferroelectric liquid 
crystal in an antiferroelectric liquid crystal display device 
in which the antiferroelectric liquid crystal is sandwiched 
between a pair of substrates respectively having on their 
opposed surfaces a plurality of scanning electrodes and a 
plurality of signal electrodes, and which have pixels in a 
matrix array, 

wherein said antiferroelectric liquid crystal has three 
states: a first ferroelectric state, a second ferroelectric 
state in which a f erroelectricity is exhibited when a voltage 
having a polarity opposite from that of the first ferroelectric 
state is applied, and an antiferroelectric state, 

wherein one period for writing to each pixel comprises 
at least one scanning period, said scanning period including 
a selecting period in which a selecting pulse for determining 
the amount of light transmitted through the pixel is applied, 
a resetting period in which a resetting pulse for setting the 
antiferroelectric liquid crystal in a certain condition before 
the selecting period is applied, and a non- selecting period in 
which the amount of transmitted light determined in the 
selecting period is maintained, and 

wherein both the scanning electrodes and the signal 
electrodes are short-circuited to ground in said resetting 
period. 

[Claim 2] The method of driving an antiferroelectric liquid 
crystal display device according to claim 1, wherein voltage 
waveforms in successive two scanning periods are symmetrical 
about 0 V. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] 

The present invention relates to a method of driving an 
antiferroelectric liquid crystal display device having a liquid 
crystal layer formed of an antiferroelectric liquid crystal, 
such as a liquid crystal display panel having pixels in a matrix 



array or a liquid crystal light shutter array - 
[0002] 

[Prior Art] 

In Japanese Patent Application Laid-Open No. Hei 2-173724 
of the invention by Nippon Denso Co. , Ltd. and Showa Shell Sekiyu 
K.K., it was disclosed that liquid crystal panels using an 
antiferroelectric liquid crystal have a wide viewing angle, are 
capable of high-speed response, have favorable multiplexing 
characteristics, etc.. Since then, studies about liquids 
crystal panels using an antiferroelectric liquid crystal have 
been made energetically. 
[0003] 

Fig. 2 is a diagram of the configuration of a liquid 
crystal cell showing the placement of polarizing plates in a 
case where an antiferroelectric liquid crystal is used in a 
display. A liquid crystal cell 22 is placed between polarizing 
plates 21 in a cross -nicol relationship so that the optic axis 
of molecules when no electric field is applied is substantially 
parallel to the polarization axis of one of the polarizing 
plates , thereby enabling display in blacJc when no electric field 
voltage is applied and display in white when an electric field 
is applied. When a voltage applied to the liquid crystal cell 
of the above -described cell configuration is changed, changes 
in transmittance are plotted in a graph to depict loops such 
as those shown in Fig, 3. A voltage value at which the 
transmittance starts changing when the voltage applied is 
increased is represented by VI; a voltage value at which the 
change in transmittance is saturated is represented by V2; a 
voltage value at which the transmittance starts decreasing when 
the voltage value is reduced is represented by V5; a voltage 
value at which transmittance starts changing when the voltage 
of the opposite polarity is applied and when the absolute value 
thereof is increased is represented by V3; a voltage value at 
which the change in transmittance is saturated is represented 
by V4; and a voltage value at which the transmittance starts 
decreasing when contrarily the absolute value of the voltage 



is reduced is represented by V6 . As can be understood from Fig. 
3, a first ferroelectric state is selected when the voltage 
value becomes equal to or higher than a threshold value of 
antiferroelectric liquid crystal molecules; a second 
ferroelectric state is selected according to the different 
polarity of the applied voltage; and an antiferroelectric state 
is selected from one of these ferroelectric states when the 
voltage value becomes smaller than a threshold value. 
[0004] 

As shown in Fig. 4, in the conventional drive method, the 
first or second ferroelectric state or the antiferroelectric 
state is selected in a selecting period (Se), and the 
corresponding state is maintained during a subsequent 
non-selecting period (NSe) . That is, the amount of transmitted 
light set by a selecting pulse in the selecting period (Se) is 
maintained during the subsequent non- selecting period (NSe) to 
perform display. 
[0005 J 

If the state of molecules of the antiferroelectric liquid 
ciTrstal immediately before the application of a selecting pulse 
in each selecting period is not constant, it is difficult to 
correctly set the amount of light transmitted through a pixel 
to a predetermined value . A method has therefore been practiced 
in which resetting each pixel to the antiferroelectric state 
is always performed regardless of the preceding state of the 
pixel. This method for resetting to the antiferroelectric 
state is, for example, a method of setting the voltage value 
to 0 V in a resetting period to enable resetting to the 
antiferroelectric state by natural relaxation of the 
antiferroelectric liquid crystal depending on properties, such 
as viscosity, resiliency, etc. . of the antiferroelectric liquid 
crystal itself, or a method of applying a suitable voltage of 
the opposite polarity to effect resetting to the 
antiferroelectric state. 
[0006] 

[Problems to be solved by the Invention] 



The former resetting method based on natural relaxation 
of antiferroelectric liquid crystal molecules from the 
ferroelectric state ensures reliable resetting to the 
antiferroelectric state, but it is disadvantageous in that, if 
the state of one pixel immediately before the resetting period 
is the first or the second ferroelectric state, a considerably 
long time is required to reset the pixel to such an initialized 
state that the charge across the liquid crystal layer 
accumulated by the preceding writing is completely eliminated, 
resulting in retardation of frame writing . In the latter method 
of applying a suitable voltage to effect resetting to the 
antiferroelectric state, a voltage of the - (minus) polarity 
is applied if the state immediately before the resetting period 
is the first ferroelectric state, and a voltage of the + (plus) 
polarity is applied if the state immediately before the 
resetting period is the second ferroelectric state. Also in 
this method, voltages are always applied across the liquid 
crystal layer, so that excess charge exists. Thus, the 
resetting performance according to the conventional methods for 
setting to the antiferroelectric state is affected by the 
preceding display state since there is no discharge route, 
resulting in image burn-in in the screen. 
[0007] 

As a technique similar to the method for resetting to the 
antiferroelectric state, a method of temporarily setting the 
antiferroelectric liquid crystal in the ferroelectric state at 
the time of writing is disclosed in Japanese Patent Application 
Laid-open No. Hei 5-100208. 
[0008] 

In an embodiment described in Japanese Patent Application 
Laid-open No. Hei 5-100208, the response (rising speed) of a 
liquid crystal is improved by application of a voltage high 
enough to effect a change to the ferroelectric state before 
application of a gray- scale voltage. The method disclosed in 
Japanese Patent Application Laid-open No. Hei 5-100208, however, 
is intended to reduce the time required to set the 



antiferroelectric liquid crystal in the ferroelectric state, 
and no mention is made of drive for change to the 
antiferroelectric state in that document. 
[0009] 

The present invention has been made to solve the 
above-mentioned problems, and has an object to provide a method 
of driving an antiferroelectric liquid crystal display device 
which reduces image burn -in resulting from the difference 
between the amounts of charges of residual charge components 
in cells and a drive circuit to perform high-speed high-contrast 
display. 
[0010] 

[Means for solving the Problems] 

To attain the above-mentioned object of the present 
invention, a method of driving an antiferroelectric liquid 
crystal display device according to the present invention 
employs the following means. 
[0011] 

In an antiferroelectric liquid crystal display device in 
which an antiferroelectric liquid crystal is sandwiched between 
a pair of substrates respectively having on their opposed 
surfaces a plurality of scanning electrodes and a plurality of 
signal electrodes , and which have pixels in a matrix array, the 
antiferroelectric liquid crystal has three states: a first 
ferroelectric state, a second ferroelectric state in which a 
f erroelectricity is exhibited when a voltage having a polarity 
opposite from that of the first ferroelectric state is applied, 
and an antiferroelectric state. Also in this pixel, one period 
for writing to each pixel comprises at least one scanning period, 
and the scanning period includes a selecting period in which 
a selecting pulse for determining the amount of light 
transmitted through the pixel is applied, a resetting period 
in which a resetting pulse for setting the antiferroelectric 
liquid crystal molecules in a certain condition before the 
selecting period is applied, and a non-selecting period in which 
the amount of transmitted light determined in the selecting 



period is maintained. Specifically, both the scanning 
electrodes and the signal electrodes are short-circuited to 
ground in the resetting period. 
[0012] 

Also, voltage waveforms applied to the pixel in 
successive two scanning periods are formed so as to be 
symmetrical about 0 V, thus forming an alternating-current 
form. 
[0013] 
(Function) 

The antif erroelectric liquid crystal is set in the first 
or second ferroelectric state when the absolute value of the 
applied voltage is equal to or higher than a threshold value, 
as shown in Fig. 3. At this time, if the cell configuration 
is such as shown in Fig, 2, antif erroelectric liquid crystal 
molecules are always set in the antif erroelectric state during 
the resetting period according to the drive method of the 
present invention. To do so, in the resetting period, the 
threshold voltage necessary for switching the 
antiferroelectric liquid crystal molecules from the first or 
second ferroelectric state to the antiferroelectric state is 
applied. Ordinarily, this voltage value is smaller than the 
voltage value necessary for switching from the first or second 
ferroelectric state to the second or first ferroelectric state. 
This voltage value is set to 0 V, and simultaneously, both the 
scanning electrodes and the signal electrodes are 
short-circuited to ground, thereby removing residual charge 
components between the liquid crystal cells and in the drive 
circuit. This method eliminates the need for the voltage 
required in the conventional method for resetting to the 
antiferroelectric state. Also, this method enables resetting 
at a markedly high speed in comparison with the method of 
resetting to the antiferroelectric state by natural relaxation 
based on the essential properties of the liquid crystal. 
[0014] 

In the drive method according to the present invention. 



the state of the antiferroelectric liquid crystal is reset to 
the antiferroelectric state and residual charge components in 
the liquid crystal cells and the drive circuit are 
simultaneously removed each time writing is performed, thus 
stabilizing display with respect to each writing period . Since 
the antiferroelectric liquid crystal can be set in the 
antiferroelectric state by applying a voltage of 0 V in the 
resetting period, there is no need for a resetting pulse 
impressed voltage. The display state (the state of the 
antiferroelectric liquid crystal) is determined in a short 
selecting period. It is therefore possible to perform 
high-speed display by changing the state of the liquid crystal 
between the ferroelectric state and the antiferroelectric state, 
thereby reducing image burn- in due to residual charge 
components. The present invention has been achieved by 
focusing attention to this point. The present Invention will, 
be described below with respect to an embodiment mode thereof. 
[0015] 

[Embodiment Mode of the Invention] 

An embodiment mode of the present invention will be 
described in detail with reference to the drawings. Fig. 5 is 
a diagram showing the construction of a liquid crystal panel 
used in this embodiment mode. The liquid crystal panel used 
in this embodiment mode is constituted by a pair of glass 
substrates 53a and 53b having an antiferroelectric liquid 
crystal layer 56 having a thickness of about 2 Im. Electrodes 
54a and 54b are formed on opposed surfaces of the glass 
substrates, and high-polymer alignment films 55a and 55b are 
formed by application of the material over the electrodes . The 
high-polymer alignment films 55a and 55b are processed by 
rubbing. A first polarizing plate 51a is placed on the outer 
surface of one of the glass substrates so that the polarization 
axis of the polarizing plate and the rubbing axis are parallel 
to each other. A second polarizing plate 51b is placed on the 
outer surface of the other glass substrate so that its 
polarization axis forms an angle of 90° with the polarization 



axis of the first polarizing plate 51a. 
[0016] 

Fig. 6 is a diagram showing the arrangement of scanning 
electrodes and signal electrodes. The scanning electrodes are 
indicated by XI, X2, and Xn, respectively, and signals 
electrodes are indicated by Yl , Y2, and Ym, respectively. The 
number of scanning electrodes is 480, and the nximber of signal 
electrodes is 640. Intersections of the scanning and signal 
lines shown by oblique lines correspond to pixels (All, Anm) . 
[0017] 

Fig. 1 is a diagram showing scanning voltage waveforms 
at the scanning electrode (Xn) , signal voltage waveforms at the 
signal electrode (Ym) , resultant voltage waveforms at the pixel 
(Anm) corresponding to the intersection of the scanning and 
signal electrodes, and resulting changes in transmittance, with 
respect to white display (ON(W)) and black display (OFF(B)) 
according to this embodiment mode of the present invention. In 
the drive waveforms used according to the present invention, 
a resetting time (Rs) was set as one phase and a selecting period 
(Se) was set as one phase. The one -phase pulse width was set 
to 50 is, and one writing period was formed by two scanning 
periods (SCI, SC2) . The length of a non-selecting period (NSe) 
was about 45 ms. With respect to the scanning electrode (Xn) 
waveform, a holding voltage of 4 V was applied during the 
non-selecting period (NSe) . This polarity was set with the same 
polarity as a voltage applied during the resetting period (Rs) , 
[0018] 

The maximum absolute value of the crest value of a pulse 
applied during a scanning electrode (Xn) selecting period (Ss) 
was set to 20 V, and the maximum absolute value of a voltage 
applied to the signal electrode (Ym) was set to 4 V. To perform 
black display (OFF(B)), 0 V (resetting pulse) was applied 
through one phase in the resultant voltage waveform (Anm) in 
the first scanning period (SCI) . The antif erroelectric liquid 
crystal then exhibited antif erroelectricity, and the amount of 
transmitted light was close to 0% in the resetting period. 



However, in the subsequent selecting period (Se), a voltage of 
+ 24 V (selecting pulse) in the resultant voltage waveform is 
applied through one phase. The antif erroelectric liquid 
crystal is thereby set in the first or second ferroelectric 
state, so that the amount of transmitted light becomes 100%, 
thus performing white display ON(W) . In the non-selecting 
period (NSe), the ferroelectric liquid crystal is maintained 
in the antif erroelectric state. The resetting period is 
sufficiently shorter than the time period necessary for visual 
recognition by the observer. Therefore, the display can be 
visually recognized as white. 
[0019] 

In the case of black display OFF(B) , 0 V (resetting pulse) 
Is similarly applied through one phase in the resultant voltage 
waveform in the resetting period (Rs). The antif erroelectric 
liquid crystal exhibits an antif erroelectric state, and the 
amount of transmitted light is close to 0% in the resetting 
period. In the subsequent selecting period (Se) , a voltage of 
+ 16 V (selecting pulse) in the resultant voltage waveform is 
applied through one phase. Therefore, the antif erroelectric 
liquid crystal is not set in the first or second ferroelectric 
state, the antif erroelectric state is selected, and the amount 
of transmitted light is close to 0%, thus performing black 
display OFF(B), In the non-selecting period (NSe), the 
antiferroelectric liquid crystal is maintained in the 
ant if erroelectric state, similar to the resetting period. The 
resetting period is sufficiently shorter than the time period 
necessary for visual recognition by the observer. Therefore, 
the display can be visually recognized as black. 
[0020] 

Two scanning periods (SCI, SC2) were set in one writing 
period, and the polarities of the voltage waveforms during these 
scanning periods were made symmetrical about 0 V to obtain an 
ac- current form. 
[0021] 

The result of use of the above -described method was that 



the time required to reset the antif erroelectric liquid crystal 
to the antif erroelectric state was reduced although the applied 
resetting pulse voltage was 0 V. Also, with respect to any 
display in black or white, the period of time required as a 
selecting period was reduced and the desired display of any 
picture was performed at a high speed. 
[0022] 

This embodiment mode has been described with respect to 
the case of driving using a plurality of scanning electrodes 
and a plurality of signal electrodes . However, even in the case 
of driving with active elements, e.g., switching elements for 
forming pixels, the same effect can also be achieved as long 
as the voltage waveform applied to the pixel is a resultant 
voltage waveform corresponding to that in this embodiment mode. 
[0023] 

As described above with respect to the embodiment mode, 
the drive method of the present invention is used in such a manner 
that the liquid crystal cells and the drive circuit are 
short-circuited to ground during the resetting period to resfet 
the antif erroelectric liquid crystal to the antif erroelectric 
state, residual charge components in the first or second 
ferroelectric state are also removed, and the drive circuit is 
further discheirged, thereby always enabling signals to be newly 
written to the liquid crystal cells in the initialized state. 
Therefore, it is possible to reduce image burn-in during 
continuous driving. Further, since the resetting period is 
reduced, improved high-contrast display can be performed at a 
high speed. 

[Brief Description of the Drawings] 
[Fig. 1] 

A diagram showing drive waveforms and resulting amounts 
of transmitted light in an antif erroelectric liquid crystal 
pixel in an embodiment mode of the present invention. 
[Fig. 2] 

A diagram showing the configuration of an 
antif erroelectric liquid crystal cell and polarizing plates in 



the embodiment mode of the present invention. 
[Fig. 3] 

A diagram showing hysteresis curves of an 
antif erroelectric liquid crystal pixel in the embodiment mode 
of the present invention. 
[Fig. 4] 

A diagram showing a method of driving an 
antif erroelectric liquid crystal pixel in the conventional art. 
[Fig. 5] 

A diagram showing the construction of an 
antif erroelectric liquid crystal panel in the embodiment mode 
of the present invention. 
[Fig. 6] 

A diagram of the arrangement of scanning electrodes and 
signal electrodes in the embodiment mode of the present 
invention. 

[Description of Symbols] 



OFF(B) black display 

ON(W) white display 

SCI first scanning period 

SC2 second scanning period 

Rs resetting period 

Se selecting period 

NSe non-selecting period 

Xn scanning electrode 

Ym signal electrode 

Anm pixel 

T amount of transmitted light 

21a, 21b polarizing plates 

22 liquid crystal cell 

51a, 51b polarizing plates 

52a, 52b sealing members 

53a, 53b glass substrates 

54a, 54b electrodes 

55a, 55b high-polymer alignment films 



56 antiferroelectric liquid crystal 

XI to X480 scanning electrodes 

Yl to Y640 signal electrodes 

All, Anm pixels 
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PROBLEM TO BE SOLVED: To enable high-speed and high-contrast display by 
reducing a burning phenonenon caused by a difference in the electric charge 
amount of a residual electric charge component between eel Is and at a 
driving circuit by short- circuiting the interval of liquid crystal ceils 
and the driving circuit with a ground during a reset period. 

SOLUTION: A liquid crystal panel is composed of a pair of glass substrates 
53a and S3b having antiferroelectric I iquid crystal layers 56. During the 
reset period, an antiferrodielectric liquid crystal nolecule is turned into 
antiferroelectric state. Therefore, a threshold voltage required for 
switching the antiferrodielectric liquid crystal molecule from first or 
second ferroelectric state to antiferroelectric state is impressed during 
the reset period. Ordinarily, this voltage value is lower than a voltage 
value required for switching from the first or second ferrielectric state 
to the second or first ferroelectric state. By turning this voltage value 
to 0 V and simultaneously short-circuitting both scanning side and signal 
side electrodes with the ground, the residual electric charge component 
between the liquid crystal cells and at the driving circuit is removed. 
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